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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem 
that, because the conventional aluminum alloy sliding 
and combustion system parts are manufactured by 
casting of molten material or partial cast-in insert of 
cast iron, the product manufactured by cast-in insert 
of cast iron is heavy in weight and inferior in joining 
strength with base material. 
^ SOLUTION: A molten material of AC8A is cast, and 
the resultant casting is set in a mold. Subsequently, 
two kinds of aluminum alloy powders, having superfine 
grains and provided with required properties, are filled 
into the inside and outside peripheries, respectively. Then the powders are molded using a 
plasma discharge machine and simultaneously joined to the casting and integrally formed 
into one body as shown in figure 6. In the part in the figure 6, heat resistance is required of 
the upper inside periphery by reason of combustion and wear resistance is required of the 
outside periphery by reason of sliding, and further, weight reduction is needed for energy 
saving. Wear resistance is higher in a region 12 than in a region 14, aid a region 13 is 
composed of a powder material prepared by mixing a low friction material with the material 
of the region 12 and has excellent wear resistance. Because the aluminum alloys have 
superfine grains, they are reduced in weight, increased in strength, and excellent in 
formability and joining property to the base material, and thin~ wall design is made possible. 
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[Claim(s)] 

[Claim l]The whole structure comprises two kinds of aluminum alloys like drawing 1 , 
and 2 and 4, the upper - 1, 3, and 7 a powder molding article ~ lower - 2, 4, and 8 
comprise an ingot material cast - lower - a composite molding body having set 2, 4, and 
8 after shaping and to a mold by casting, having been filled up with powder, and 
carrying out integral moulding to two-layer with hot forging (plasma discharge 
sintering ****). 

[Claim 2]Like drawing 3 , the whole structure comprises two kinds of aluminum alloys, 
and five outside the upper part A powder molding article structure, A composite molding 
body, wherein the lower part 6 comprised an ingot material cast, set 6 after shaping and 
to a mold by casting, filled up a periphery with powder and carries out integral 
moulding to two-layer with hot forging (plasma discharge sintering ****) in the upper 
part. 

[Claim 3]The whole structure comprises three kinds of aluminum alloys like drawing 5 
and 6, The outsides 10 and 13, inside, and the bottoms 9 and 12 comprise a powder 
molding article structure, and the lower parts 11 and 14 comprise an ingot material cast, 
lower setting 11 and 14 to a mold after shaping by casting - powder - lower - a 
composite molding body characterized by carrying out integral moulding to three layers 
with hot forging (plasma discharge sintering ****) after having obtained and used 11 
and 14 in a frame of a boundary after 1-mm restoration, dividing and filling up inside 
and outside two-layer and removing a frame. 

[Claim 4] Claims 1 and 2, a composite molding body of three statements, wherein 
material of the upper part of drawing 4 , drawing 3 , 5, and 6 periphery is the material 
which mixed powder containing at least one ingredient of Mo, S, and C into material 
( drawing 3 is an inner peripheral material of 5 and 6) of inner circumference. 
[Claim 5]As an ingredient of aluminum alloy powder of the upper part in which 
commistion arises and which requires an elevated-temperature heavy load, Claims 1 
and 2 of Si, Fe, Ti, Cr, nickel, Co, Cu, and Zr which one or more sorts are consisted of 
and an intermetallic compound makes 40% not less than 15% by a use at least, 
aluminum-alloy powder material of three statements. 

[Claim 6]Claims 1, 2, and 3, aluminum alloy ingot material of four statements in which 
lower material is characterized by an intermetallic compound being the material at 20% 
or less whose specific gravity is lighter than claim 5 since load and temperature are 
lower than the upper part. 

[Claim 7]When sintering (15 of drawing 7) of the part upper part, junction on lower 
parts (16 of drawing 7) or casting, and a forge molding material comrade join with a 
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plasma discharge sintering machine, the characteristic of material Or when 
apprehensive [ at the time of temperature up and application of pressure ] about 
modification in shape of parts, In order to carry out temperature up to temperature 
which needs only sintering (15 of drawing 7) and a joined part efficiently and to 
maintain other portions (16 of drawing 7 ) to temperature which does not change, (**) Use 
a material metallic mold with thermal conductivity large [ the other metallic mold (19 of 
drawing 7 , 20) ] in metallic mold material with large specific resistance, and specific 
resistance small [ thermal conductivity is small, and ] for a nearby metallic mold (17 of 
drawing 7 , 18) sintered or joined. 

(**) Temperature up or a nearby metallic mold to join makes capacity small by identical 
material or a dissimilar material, make temperature up easy to carry out, and other 
portions enlarge metallic mold capacity in order to lower temperature so that it may not 
change. 

(**) (b) and (**) form and carry out the temperature control of the cooling system to 
heating apparatus, such as a heater, and the other metallic mold at a nearby metallic 
mold sintered and joined so that temperature may not go up. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the compound molding method of high 
intensity aluminum-alloy-powder material and an aluminum alloy ingot material cast. 
[0002] 

[Description of the Prior Art](b)The upper part where combustion temperature is high 
and the Power Reactor and Nuclear Fuel Development Corporation part structure 
whose temperature is 200-400 **, and which goes up has a near combustion part 
produces the heat-resistant reinforcing member which comprises Ni Resist cast iron 
to the different body with the main part f and carries out joint adherence of such a 
reinforcing member in the upper body which comprises an aluminum alloy by the 
method of friction welding. The cave for cooling is formed by blockading the 
circumferential groove provided in the upper part of the main part at this time by a 
reinforcing member. (For example, refer to JP,6-2613,B) 
[0003] 

[Problem(s) to be Solved by the Invention]Since the conventional 
elevated-temperature Power Reactor and Nuclear Fuel Development Corporation 
part structure constitutes the upper part from Ni Resist cast iron, as shown in Table 1, 
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its weight is heavy, and since it is Fe and nickel system material, the cooling efficiency 
of a top ring groove part is bad. The weak intermetallic compound which Fe contained 
in the joined part mostly is generated, and bonding strength is weak. Ni Resist cast 
iron has bad cutting ability compared with an aluminum alloy. 
[Table 1] 
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[0004] 

[Means for Solving the Problem]In order to solve the above-mentioned problem and 
to reconcile (t>) high intensity and high toughness, intensity and toughness are 
reconciled by volume rate control of an intermetallic compound like minuteness 
making of an organization by hyperquenching, and drawing 9 like drawing 8 . Thereby, a 
light-gage weight saving becomes possible. By mixing low friction powder to the 
above-mentioned powder, and carrying out integral moulding of the periphery of a 
structure to it, it becomes impossible for an abrasion-resistant ring and alumite 
treatment to be needed, cost can be reduced, and a lead time can also be shortened. 
[0005] 

[Invention embodiment] This invention is with ARUMIUMU after-alloy-powder 
material in a part of structure, changes a powdered kind according to **** followed to 
a use, and a part, and fills up with and fabricates it to an aluminum alloy ingot material 
cast. 

[0006]Since fatigue-at-elevated-temperature intensity is required for material of the 
above-mentioned elevated-temperature Power Reactor and Nuclear Fuel 
Development Corporation part upper part (a combustion part is near), not less than 
15% of 40% or less of an intermetallic compound is desirable. A danger that it will 
become weak like drawing 9 if it becomes not less than 40%, and a crack will arise is 
high. 

[0007]It is better to have quenched a crystal grain of the above-mentioned 0006 
aluminum alloy materials from a field of intensity and a moldability to a powder 
generate time, and to make a crystal grain fine like drawing 8 . Specifically, below the 
crystal grain 1 mu in which super-elasticity modification is possible is desirable. 
[0008]As for powder material shaping of the above 0006-0007, it is desirable for 
elongation to maintain and fabricate to temperature which comes out most. 
[0009]Since 0006 and low friction material of 0007 cause a fall of junction power like 



[ thing / strength reduction of material, and / which carries out up-and-down 
junction ] drawing 10 , they are desirable at a weight ratio. [ 30% or less of] since lower 
shape can be weak and it cannot change — welding pressure — 30 kg/rnrn2 or less — 
temperature — up-and-down material — recrystallizing temperature (the 0.7th place 
of the melting point) with the lower melting point — hot forging, diffused junction, or 
drawing 1 1 — like — discharge plasma sintering — it is made to join Without changing 
other shape parts, in order that plasma may occur in a joining interface gap and may 
go up to it intensively [ temperature ] to an interface, since a way of plasma discharge 
sintering and junction can fabricate and join by low-pressure power, it is more 
desirable than hot forging and diffused junction. 

[0010]The above-mentioned cementing material has that so good of Mg ** rare 
****** which returns an oxide film of aluminum that a crystal grain is small. 
Specifically, 1 micro or less which the crystal grain can super-elasticity transform, and 
0.5 to 4% of Mg are desirable. 



[Example]When an example is described with reference to drawings, c of drawing 12 is 
60 mm in outer diameter, 60 mm in height, and 250g in weight in the completed chart 
of a **** diesel piston, the piston upper part constitutes upper shape from 2 mm 
under a top ring groove with an aluminum~alloy-powder Plastic solid — 1 mm of top 
ring groove backs — by the way — inner — it is 31 and outside 34 — a plane of 
composition to upper 1 mm — by the way, construction material is changed to 34. An 
inside 31 powder material component is aluminum(l-l) 
(**)+Si(20%)+Fe(9%)+Cu(3%)+Mg (1%), the outside (1-2) 34 is what mixed the powder of 
FeMoS 30% by the weight ratio to inside powder, and an average crystal grain is 1 
micrometer. Since the reason for having used the above-mentioned material is in it 
like drawing 12 with super-particle powder [ that high temperature strength is high 
(1-1) ] since the high temperature strength in around 350 ** is required for the lip part 
36, and the attachment-proof in around 300 ** is required for the top ring groove of 
35, Like drawing 14 , it was with the material which added the powder of FeMoS. Since 
FeMoS of the outside 34 could not join 1 mm of undersurfaces to the lower cast 32 
easily, before FeMoS was included, it constituted from material of 31. since FeMoS 
specific gravity is heavy — the minimum — it limited to the required portion. 
Powdered use was minimized in order to lower cost, since a less or equal [ since 
temperature and the load of this portion are low compared with 31 and 34, having 
made 32 into AC8A ingot material can secure intensity by AC8A material, and / a 
material cost ] 1/3.(d) of drawing 12 provides a boundary for the powder which sets 



[0011] 




the AC8A cast 32 to a mold with process drawing (1-1) after 1-mm restoration, fills 
up outside and inside with (1-2) and (1-1), and removes a boundary. It is made to join 
to the lower part 32 at the same time it sets a mold to the plasma discharge sintering 
machine of drawing 1 1 and fabricates top powder with the temperature of 470 ** by 
the pressure of lOOMPa. 
[0012] 

[Effect of the Invention]This invention is carried out with a gestalt which was 
explained above, and does so an effect which is indicated below. 

[0013]For the powder molding material of a detailed crystal grain, like drawing 13 , from 
the conventional AC8A ingot material, since intensity is 2 to 5 times higher, a 
light-gage design is attained and a weight saving (ingot material cast top ratio) is made 
30 to 60% with material and temperature. 

[0014]Since the combustion chamber lip part 36 was conventionally made of large 
AC8A ingot material of a crystal grain in the drawing 12 * *** diesel piston, the 
cracking crack arose at an around 350 ** elevated temperature for fatigue at elevated 
temperature, but. the detailed crystal grain which added high temperature 
components, such as Fe, like drawing 13 , and generated the intermetallic compound 
about 30% — since a powder compact, fatigue-at-elevated-temperature intensity is 
high, and there is no cracking crack 

[0015]Since the conventional diesel piston crestal plane part had joined the Ni Resist 
cast iron abrasion-resistant ring to the base material by friction welding, its 
intermetallic compound of a joined part is weak, and its bonding strength is weak, this 
invention article — an aluminum containing alloy comrade's junction — solid state 
welding (friction welding ****) — a sake — a joined part — an intermetallic compound 
— it can do — hard — bonding strength — it is high . For the reason, shortening of 
top ring height is attained. (Shortening of top ring height has an effect in fuel 
consumption improvement) 

[001 6]By the use, the conventional gasoline piston carried out alumite treatment after 
working completion to the top ring groove, and has prevented seizure. Since this 
invention is fabricated with the powder which mixed FeMoS of low friction outside, its 
alumite treatment is unnecessary. 

[Brief Description of the Drawings] 

[Drawing l] It is drawing of longitudinal section showing the compound molded body of 
claim 1. 

[Drawing 21 It is drawing of longitudinal section showing the compound molded body of 
claim 1. 
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[Drawing 31 It is drawing of longitudinal section showing the compound molded body of 
claims 2 and 4. 

[Drawing 4] It is drawing of longitudinal section showing the compound molded body of 
claims 1 and 4. 

[Drawing 51 It is drawing of longitudinal section showing the compound molded body of 
claims 3 and 4. 

[Drawing 6] It is drawing of longitudinal section showing the compound molded body of 
claims 3 and 4. 

[Drawing 7] It is drawing of longitudinal section showing the molding method of claims 
1-6. 

[Drawing 8] It is a graph showing the tensile strength by aluminum alloy grain refining. 
[Drawing 91 It is a related graph of the quantity of the intermetallic compound in 
aluminum alloy powder, and the toughness of a forge Plastic solid. 

[Drawing lQH t is a related graph of the shearing stress of the mixed forge Plastic solid 
of aluminum alloy powder (aluminum-20Si-3Cu-lMg-9Fe) and FeMoS powder, and the 
plasma discharge joined part of AC8A material. 

[Drawing lll lt is a schematic diagram of plasma discharge junction. 

[Drawing 12] a sets an AC8A cast to a mold with the figure showing internal-combustion 
engine piston rough ********** 0 f claim 6, it is filled up with heat-resistant powder, b 
attaches a frame, and, in a heat resisting material and outside, the shape after 
processing and d of high-strain-rate-superplasticity processing and c are process 
drawings by after-restoration plasma discharge about ****** among them. 
[Drawing 131 It is a related graph of the elevated-temperature tensile strength of an 
alloy Plastic solid in the end of AC8A ingot material and aluminum-20Si-3Cu-lMg-9 Fe 
powder. 

[Drawing 14] It is a related graph of the amount of FeMoS(s), and adhesion generation 
temperature in the agglutination examination of the forge Plastic solid which mixed the 
FeMoS after alloy powder of the aluminum-20Si-3Cu-lMg~9 Fe alloy. 
[Description of Notations] 

1, 3, 9, 12 heat-resisting-aluminum-alloy powder compact 

2, 4, 6, 8, 11, a 14 AC8A ingot material cast 

13 The aluminum-alloy-powder Plastic solid excellent in the abrasion resistance which 
mixed low friction material to 1, 3, 9, and 12, and attachment-proof 

15 Heat resisting aluminum alloy powder 

16 Aluminum alloy ingot material cast 

17 and 18 Metallic mold material with small thermal conductivity and large specific 
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resistance 

19 and 20 Metallic mold material with thermal conductivity larger than 17 and 18 and 
the small Koyu resistance 

21 Upper electrode 

22 Upper punch 

23 Mold 

24 Sample 

25 Lower punch 

26 Vacuum chamber 

27 Vacuum pump 

28 Hydraulic power package 

29 Pulse electrical energy 

30 Thermal control system 

31 Heat resisting aluminum alloy powder compact 

32 AC8A ingot material piston lower molding by casting object 

33 Metallic mold 

34 Powder material which carried out addition mixing of the FeMoS powder 30% at 29 
materials 

35 Direct injection diesel piston top ring groove 

36 Direct injection diesel piston lip part 
DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 8] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 
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